ABSTRACT: In order to improve the expanding application of recycled aggregate concrete, this paper changes the mixing ratio of silica fume and polypropylene fiber of recycled concrete beam which takes 30% recycled coarse aggregate instead of the natural aggregate, and uses the finite element software ANSYS to analyze the cracking load, ultimate load and load-deflection curves and so on. The results show that: silica fume and polypropylene fiber can improve the flexural property of beam effectively. That is to say, mixing with silica fume can improve the stiffness of beam, but the ductility of beam decreases with the increase mixing ratio of silica fume; mixing with polypropylene fiber can improve the toughness of beam and limit the emergence and expansion of cracks. The result of finite element software ANSYA shows that when mixed with silica fume of 8% and PP fiber of 1%, the flexural property of recycled concrete beam can be improved effectively.
INTRODUCTION
With the rapid development of China construction industry, a large number of houses were demolished and then rebuilt the high-rise buildings and super high-rise buildings, so that large amounts of construction waste were generated, while the largest proportion construction waste is the waste concrete. Whether the waste concrete can be reused reasonable is the key to solve the problem of processing construction waste difficult and the depletion of natural resources such as natural sandstones. Therefore, in order to expand the application of waste concrete, scholars both at home and abroad did a lot of researches. But the scholar such as Jing Ma [1] , Zongping Chen [2] , Topcu [3] , IPPei Maruyama [4] have proved that the recycled concrete have the disadvantages such as large porosity, low strength, low modulus of elasticity which influence the extensive use of recycled aggregates. In order to make up the disadvantage of recycled concrete, the test uses the fiber which has the characteristic of high tensile strength, high ultimate elongation that can improve the crack resistance and ductility of recycled concrete [5] [6] ; The silica fume has the characteristic of small particles and it can accelerate the hydration of cement [7] . Therefore, under a certain of recycled aggregate, this paper use ANSYS to analyze the cracking load, ultimate load and load-deflection curves of recycled concrete beams in order to provide the technical reference for the engineering application of recycled concrete beam. This test design for eight rectangular section beams which has length of 1500 mm, the dimension of clear span is 1200 mm, and the sectional dimension is 150 mm×250 mm (as shown in Figure 1 ). The longitudinal reinforcement of beam adopts HRB335 hot rolled steel bar which diameter is 12mm, support and stirrup adopts HPB300 hot rolled steel bar which diameter is 8mm, the ratio of longitudinal reinforcement is 1.05%, the situation of beam is as shown in figure 1. This paper bases on the different mixing ratio of silica fume and polypropylene fiber (PP fiber) as the main parameters, uses the ANSYS to analyse the cracking load, ultimate load and load-deflection curves of recycled concrete beams, and compares the flexural property of recycled concrete beams.
EXPERIMENT DESIGN
This paper adopts the recycled coarse aggregate instead of coarse aggregate of 30% and the concrete strength grade of C30, tests the recycled concrete beam mixed with silica fume of 0% (the percentage of silica fume by weight in the gel), 4%, 6%, 8% and 10%. And when testing the recycled concrete beam mixed with silica fume and PP fiber, this paper uses the recycled concrete beams mixed with silica fume of 8% as the standard beam (SF), mixed with PP fiber of 0%, 0.3%, 0.6% and 1.0%. The test beams adopts the method of two points loading. The test value of block can be found in Table 1 . Reinforced concrete beam often be dealt that concrete and reinforcing bar as different units, it was named as the separate model. The concrete adopts SOLID65 element. Support and stirrup adopt LINK8 element. In order to prevent the phenomenon of stress concentration, as shown in Figure 1 , this paper set rigid plate of 150 mm x 100 mm at the bottom of loading point and base support. Specimen meshing is shown in Figure 2 . Reinforcing bar element is shown in Figure 3 . 
In formula: . ; r is mixing ratio of silica fume.
When taking the position of zero, that means the stress is zero, at this time,
(2) The constitutive model fitting of concrete mixed with silica fume and PP fiber:
In formula: 
Constitutive relation of reinforcing bar
The reinforcing bar uses ideal elastic-plastic model, which was simplified to bilinear model, the expression is:
In formula: Es is the elasticity modulus of reinforcing bar, εy is the yield strain of reinforcing bar, and fy is the yield stress of reinforcing bar.
Control strategy of convergence
(1) Concrete crush setting This paper adopts the William-Warnke model of concrete. The shear transfer coefficient value of open crack of concrete is 0.5, and the shear transfer coefficient value of closed crack is 1. The tensile strength is as shown in table 1, and uniaxial compressive strength is -1.
(2) Nonlinear option setting Open the automatic step control of time and the switch of large deformation, the substeps set as 60, and the largest cycle times in nonlinear are 20. The precision of convergence is 1.5%. Figure 4 , the cracking load of recycled concrete beam without silica fume is 34kN, and with the increase of mixing ratio of silica fume, the cracking load of the beam is improved. When mixed with silica fume of 4%, the cracking load is the maximum. This fact is explained by silica fume with high activity can accelerate the hydration of cement and make the recycled concrete denser. But with the increase mixing ratio of silica fume, the strength of concrete decline in varying degrees, while the strength of recycled concrete is still higher than common concrete. When the load gets the yield strength, the ultimate load of recycled concrete beam without silica fume is 160kN, and with the increase of silica fume, the ultimate load increases in varying degrees. When mixed with silica fume of 6%, the ultimate load is the maximum of 180kN. 
RESULT AND ANALYSIS OF FINITE ELE-MENT

Recycled concrete beam mixed with silica fume
Cracking load and ultimate load with different mixing ratio of silica fume As shown in
Nephogram of equivalent yield stress
As shown in Figure 5 , the compressive stress at the support of beam bottom was the maximum when arrives at the cracking load. With the increase of mixing ratio of silica fume, the compressive stress increases at first and then decreases, but it still has a tendency to increase which higher than common recycled concrete without silica fume generally. When the load arrives at yield stage, the maximum compressive stress occurs at the upper pressure zone in the middle of beam, because the growth rate of compressive stress of reinforced concrete was fast. With the increase mixing ratio of silica fume, the maximum compressive stress increases gradually. In the paper, when mixed with silica fume of 8%, the compressive stress of recycled concrete beam is the maximum.
Analysis of load deflection curve
As shown in Figure 6 , the load deflection curves of recycled concrete beams have the same tendency with common concrete before the beam yielded, but after the beam yielded, the deflection of beam begin to change under different mixing ratio of silica fume. When mixed with silica fume of 8%, the deflection value is smaller than other recycled concrete beams under the same load. It is mean that, when mixed with silica fume of a certain value, the defections change very small, but the stiffness and compressive strength of concrete were improved. 
Recycled concrete beam mixed with silica fume
and PP fiber Figure 7 , with the increase of mixing ratio of PP fiber, the cracking load of beam improves. It is because that PP fiber has the characteristic of high tensile strength and high ultimate elongation. Under the external force, mixing with PP fiber can reduce the generation of the cracks and limit the expansion of the cracks. It can also improve the tensile strength, flexural strength and toughness. When the load arrives at yield strength, the ultimate load improves with the increase of PP fiber. When mixed with PP fiber of 1%, the ultimate load of beam is the maximum which increased by 3% than the SF beam without PP fiber. As shown in Figure 8 , the cracks of recycled concrete beam with PP fiber appear later than the SF beam without PP fiber, and the corresponding load is bigger. With the increase of mixing ratio of PP fiber, the tensile strength of beam improves gradually, when mixed with PP fiber of 1%, the cracking load of beam is the maximum of 46.0kN, increased by 21.1% than the SF beam. When the load arrives at yield stage, the yield load of recycled concrete beam with PP fiber is bigger than the beam without PP fiber, the yield load become bigger and the beam was destroyed later.
Cracking load and ultimate load with different mixing ratio of PP fiber As shown in
Nephogram of equivalent yield stress
Analysis of load deflection curve
As shown in Figure 9 , the load deflection curves of recycled concrete beams have the same tendency with common concrete before the beam yielded, but after the beam yielded, the deflection of beam begin to change with different mixing ratio of PP fiber. Under the same load, the more PP fiber, the bigger tensile strength and flexural property are, while the toughness becomes better and the deflection change smaller. That is because that the PP fiber play a part of bridging which can prevent the extension of crack, and when the PP fiber is snapped or pulled out of concrete, the beam is destroyed. 
The derivation of ultimate bearing capacity formula
In order to apply the recycled concrete beam mixed with silica fume and PP fiber to the practical engineering better, bases on the common concrete, this paper simulates the formula of flexural member normal section bearing capacity of recycled concrete beam. Considering the influence of silica fume on the bearing capacity of recycled concrete beam, this paper bases on the GB50010-2002 and puts forward the correction factor of K, and the structural formula is as follows:
In formula: K is the ultimate bearing capacity coefficient of recycled concrete beam, fy is the design value of steel tensile strength, As is the sectional area of steel at tensile region, h0 is the height of cross section, b is the width of cross section, and fc is the design axis compressive strength of concrete. The bending moment of test beam is M P L   , because all the test beams have the same loading distance, 0.4 L m  , so the ultimate load P can be used to infer the correction coefficient K instead of M.
The relation of silica fume and the correction coefficient K is as shown in Figure 10 . Considering the influence of PP fiber on the bearing capacity of recycled concrete beam, this paper puts forward the formula which bases on the formula of recycled concrete beam mixed with silica fume (7), then infer the coefficient:
In formula, take S8H0.3 for example, according to the physical performance of PP fiber, the length of PP fiber is 19 mm, the diameter is 0.05mm, this paper define ⁄ 0.3% 380 1.14 , takes 177 and 184 to the (7), gets the result of 0.035. In the same way, this paper acquires 0.012 of beam S8H0.6; And 0.013 of beam S8H1.0: takes the average of three beams and gets the result of 0.02. So the formula of flexural bearing capacity of recycled concrete beam is as follows:
Comparison of calculated value and simulative value
As shown in Figure 11 and 12, the deviation of the calculated value and simulative value are within 5%, which can fulfil the calculation accuracy of practical application. 
CONCLUSION
(1) Mixing with silica fume affects the deflection of recycled concrete beam obviously. With the increase of mixing ratio of silica fume, the ductility of the beam is decreased. But the stiffness of the beam is improved. The cracking load is improved first and then reduced, but it is still bigger than the cracking load of the beam without silica fume. As shown in numerical, when the beam mixed with silica fume of 8%, the ultimate bearing capacity of beam is the maximum, increase up to 180kN. (2) The PP fibers limit the generation and expansion of crack, which can maintain the integrality of beam. Mixing with PP fiber can reduce the cracks while limit the section of beam, it also reduce the deflection of beam and improve the flexural property and ductility. On the basis of mixing with silica fume, with the increase of PP fiber, the cracking load and ultimate load of beam increase respective differently. As shown in numerical, when mixed with silica fume of 8%, mixed with PP fiber of 1%, the cracking load and ultimate load are the maximum. (3) This paper based on the formula of section flexural bearing capacity of common reinforced concrete, puts forward the formula of section flexural bearing capacity of recycled reinforced concrete.
